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The decay KL →π+π−γ 
� This decay is composed of two different 

processes:
� inner bremsstrahlung from one of the pions in   KL 

→π+π−

� violates CP
� direct emission from decay vertex

� dominated by M1 term 
� conserves CP

� E1 term may be present as well
� violates CP

� similar to KL→π+π−e+e- 
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The KTeV/E832 Detector

Two Beams

Pure KL  “vacuum” beam
used in this analysis
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� 111.4K events after all cuts.

� Background is  0.6%.
� mostly semileptonic 

with an accidental 
photon 

� some KL→π+π−π0, 

π0→γγ  with a γ 
missed
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6 Kinematic Variables
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Decay Rate For KL →π+π−γ

� The decay rate is composed of 
amplitudes for IB, M1 DE and if present, 
E1 DE
� IB and E1 DE interfere
� M1 does not                                                               

                                                                                     
                                                                                     
                                                                                     
    

� Model taken from Sehgal and Wanninger, 
Physical Review D46,1035, 1992  

d �K L�	 � 	 
 �

dE
�

d cos �
�
��EIB � K L ��EDE � K L ��

2
��M � K L ��

2



8
Model of decay

� Three different decay amplitudes 
contribute to KL →π+π−γ
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E1 violates CP

� gE1 describes the amplitude for the 
process K1 →π+π−γ via an E1 photon

� This is mixing type (indirect) CP violation

�K L � ��K 2 ����K1 �

	+	- �

g
E1
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Energy Spectrum

� E
γ
 spectrum dominated by low energy IB 

photons and high energy M1 DE photons
Amplitudes vs Eγ
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Likelihood Fit
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� Used method of maximum likelihood to 
estimate parameters gM1,  a1/a2,  gE1

� Use model described earlier and KTeV/ε' 
Monte Carlo to estimate acceptance
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Best Fit

� The likelihood fit results in good agreement 
between data and Monte Carlo
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Dominant Systematic Errors

� largest systematic errors for gm1 were:
� drift chamber geometry
� second order radiative effects
� background
� physics cuts

� largest systematic errors for a1/a2 and ge1 
were second order radiative effects
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� Legend:
� 1) 96 KTeV KL→π+π−γ

� 2) 97 KTeV KL→π+π−e+e-

� 3) NA48 KL→π+π−e+e-

� 4) 97+99 KTeV       
KL→π+π−e+e-

� 5) This result:
� gM1    = 1.198

� a1/a2= -0.738

Results For 1997 Data
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� Parameters for CP conserving M1 direct emission
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Results For 1997 Data

� Determined upper limit for CP violating 
direct emission:
� gE1< 0.21 (90% Confidence) 

� Sensitivity : 0.078(stat) ,  0.117(syst)
� Using fit parameters, can calculate: 

� DE/(DE+IB) = 0.689 � 0.021   ( E
γ
 > 20MeV )

� Paper describing this analysis has been 
submitted to PRL.

� Preprint is hep-ex/0604035
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Extra Slides
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Results For 1997 Data

� Measured parameters for CP conserving 
Direct Emission:

� gM1=1.198 ± 0.035(stat) ± 0.086(syst)

� a1/a2=-0.738 ± 0.007(stat) ±0.018(syst)

� Results for gM1 and a1/a2 are most precise 
to date.
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Other Results: gM1

� NA48: from KL→π+π−e+e-

�    : 0.99 +0.28
-0.27(stat) ± 0.07 (syst)

� KTeV: from  KL→π+π−e+e- (1997 data only)

�    : 1.35 +0.20 -0.17(stat) ± 0.04(syst)

� KTeV: from  KL→π+π−e+e- (1997+1999)
�  1.11 ± 0.12 (stat) ± 0.08(syst)
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Other Results :a1/a2

� NA48: From  KL→π+π−e+e-

�   -0.82 +0.07
-0.13 stat  ± 0.02 (syst)

� KTeV From  KL→π+π−γ  (1996 Data only)
�  -0.737± 0.026(stat) ± 0.022(syst) 

� KTeV from  KL→π+π−e+e-  (1997 data only)
�  -0.720 ± 0.028(stat) ± 0.009(syst)

� KTeV from  KL→π+π−e+e-  (1997 +1999)
� -0.744 ± 0.027(stat) ± 0.032(syst)
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Other Results :gE1

� KTeV from  KL→π+π−e+e-  (1997 +1999)

� gE1< 0.03 (90% Confidence)
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Other Results: DE/(DE+IB)

� Old KTeV result from KL→π+π−γ 
� :  0.683 � 0.011 using 1996 data

� FNAL E731 from  KL→π+π−γ

�  : 0.685 ± 0.041
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24 Event Display of a π+π−γ  Decay  
KTEV Event Display

/beauty1b/ronquest/pmgdata/k
tev99raw1/tapes1and2vac.dat

Run Number: 13602
Spill Number: 279
Event Number: 21584707
Trigger Mask: 3
All Slices

 -  10.00 GeV
 -   1.00 GeV
 -   0.10 GeV
 -   0.01 GeV

 -  Cluster

 -  Track

Track and Cluster Info
HCC cluster count: 2
 ID    Xcsi    Ycsi   P or E
T 1: -0.5194 -0.8033  -10.38
C 4: -0.5278 -0.8082    1.57
T 2:  0.5018  0.4753  +20.02
C 1:  0.5226  0.4737    9.53
C 3:  0.1966 -0.1837    5.08
C 2:  0.4508  0.4725    0.88

Vertex: 2 tracks, 1 clusters
   X        Y       Z
 0.1120  -0.0009  132.469
Mass=0.4923 (assuming pions)
Chisq=1.05  Pt2v=0.000006
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Systematic Errors


